Several investigators have described the signs and intestinal lesions associated with clinical oesophagostomiasis in sheep29 79 6. VEGLIA~ described the gross lesions observed in very young lambs following single infections. Later FOURIE~ described in detail the histopathological changes which occurred in VEGLIA'S lambs. SARLES~ experimentalIy infected lambs by varied means. Although he was primarily interested in the economic aspects of the disease he did make significant observations of the gross changes which developed in the intestines, liver, lymph nodes, and other body structures. These studies were not directed toward determining the relationship of repeated exposure to the severity of the lesions. Only indirect evidence was available upon which one might evaluate the possible effect of acquired immunity and/or sensitization upon the disease.
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base of a gentle hill and were moved upgrade to new ground by their length at 2-day intervals.
Infective larvae of 0. cohmbianum were incubated from the feces of donor lambs according to the method of CAUTHEN~. Larvae were concentrated by the Baermann technique, washed in water, and stored at room temperature until used. Larvae were not held over 14 days before use. Larvae were administered orally in an aqueous suspension.
Histotropic (tissue-phase) larvae were digested free of the tissue of the digestive tract by use of a solution of 1 yo pepsin and 1.5% HCl.
Number of larva recovered were multiplied by a corrective factor to give the estimate for the entire organ. Tissues for histological examination were collected at points 2 ft apart along the entire length of the intestinal tract. They were fixed in 10% phosphate-buffered formalin, embedded in paraffin, sectioned at 6 or 7 p, and stained with hematoxylin and eosin.
A portion of the larvae used in Experiment I1 were pooled in a Petri dish under 5 mm of water and X-irradiated with a General Electric, Maximar unit at the rate of 200 r/min. Approximately 40,000 r were administered.
Experimental Approach Experiment 1. In order to gain an understanding of the uncomplicated infection and to establish a basis of comparison for other studies, seven helminth-free (except for Jtrongvloides) lambs were each given single doses of 20,000 0. colnmbiantlm larvae and destroyed at the following intervals post-infection: 40 h and 5, 9, 10, 15, 25, and 120 days. The lambs were between 3 and 4 months old when infected, were similar as to breed and type, and were wethers. They were maintained in a helminth-free environment during the post-infection period.
Experiment 11. In order to learn something of the effect of light oral infections on subsequent heavy challenge infections, 4 helminthfree lambs were given 5,000 X-irradiated larvae. After 4 weeks the test lambs and an additional lamb which served as an infected control were each challenged with 20,000 infective larvae. The five lambs were later killed and necropsied as indicated by the following outline of the experiment: Experiment 111. In this trial four lambs were given 1,000 infective larvae each at 10-day intervals over a 50-day period. They were then maintained under conditions which prevented additional infection for the next 70 days at which time they were challenged along with a control lamb with 50,000 larvae each. One lamb was destroyed 40 h after challenge, and another after 40 days when it was near death. The course of the disease was followed over several months in the other three lambs.
Results

Clinical Observations
Experiment I Evidence of disease was usually observed between the eighth and twelfth day post-infection. Lambs usually became very depressed, refused all food, and stood quietly in a corner of the pen with the head extended and almost on the ground. The duration of anorexia varied with different lambs. Usually the appetite returned to some degree 3 to 5 days after the first signs were observed. In one lamb, however, there was almost complete anorexia for more than 2 weeks. In most lambs a thick, heavy, dark mucoid diarrhea was observed 2 or 3 days after the animal became depressed. Frequently the bowel eliminations were almost pure blood-tinged mucus with occasional strands of fibrin and epithelium.
Severe tenesmus was observed in some lambs and one developed the peculiar stance described by VEGLIA~ with the back swayed and pelvic limbs extended backward. The development of these signs appeared to be dependent on the particular area of the digestive tract most invaded by the histotropic larvae. s I 1 E L T 0 N / G R I 1 : I: IT I i S Frequent fecal eliminations soiled the wool in the perineal region and the posterior limbs. Such wool remained moist, matted, and filthy.
Most lambs lost weight rapidly after signs first appeared and frequently became dehydrated. Weight loss was usually limited to the period of anorexia following single infections. Recovery of the lost weight was usually delayed for days or weeks. The wool did not shed but it usually appeared dry, dull, and soiled.
Experiment ZZ
No ill effect resulted from dosing with the X-irradiated larvae. A slight softening of the feces was observed about the tenth day but weight gains were about the same as in noninfected control lambs.
Signs resulting from a single challenge dose of 20,000 infective larvae were similar to those following comparable initial infections, but in general were less severe and of shorter duration. Lambs were not so severely depressed, anorexia and weight loss were less pronounced. However, the mucoid diarrhea began about 2 days earlier in lambs that had received the X-irradiated larvae and persisted for weeks or months.
Experiment 1.1
No significant sign of disease resulted from the light doses given at 10-day intervals. Some change in the consistency of the feces occurred about 35 days after the first dose of larvae. Following challenge with 50,000 infective larvae the signs developed in these lambs were more severe than in those of Experiment I1 which were challenged with 20,000 larvae. Rapid loss of weight, depression, and anorexia were all observed in various degrees. Here again the mucoid diarrhea was observed 2 or 3 days earlier than in the lamb given an initial dose only of this magnitude. One of the lambs of this group began losing weight rapidly during the third week post-challenge and was near death when destroyed 40 days post-challenge. Although all lambs of this group were severely affected, the surviving test lambs made a faster recovery than the infected control lamb. The thick, dark, mucoid diarrhea continued over many months in all lambs. 
Gross Pathological Changes
Experiment 1
No gross evidence of disease was observed in the lamb destroyed 40 hours after infection and only a slight erythema of the ileum in the lamb killed 5 days after infection. In the lambs destroyed on the 9 th and 10th days of infection the lower ileum was swollen and red. The mucosa was studded with small nodules which were usually elevated from 1 to 3 mm. Some of the nodules were open to the mucosal surface as small ulcers with erythemic borders. Yellowish green pus formed the base. The greatest number of lesions were seen in the ileum, although some were observed throughout the intestinal tract.
At 15 days post-challenge some abscesses appeared to have regressed in size and most mucosal ulcers were healed in the small intestine. There were few scattered nodules in the cecal wall with the most marked changes located at the constriction between the cecum and ileum. Here the intestinal wall was greatly thickened, rigid, necrotic, and constricted. The mucosal surface was covered with a thick zone of brown necrotic material.
The only significant lesions observed in the small intestine after 25 days were many small, hard, fibrotic nodules of 1 mm or less diameter. The wall of the large intestine was greatly thickened and edematous. Partially encapsulated, nodular masses were scattered throughout the large intestine and in some areas formed large confluent fibro- 
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necrotic plaques which usually involved both the muscular and serosal layers. Sometimes the granular yellow or green necrotic nodular masses extended through the serosal layer of the large intestine and into the connecting mesenteries and associated adipose tissue.
After 120 days the wall of the large intestine was greatly thickened and indurated with extensive nodular formations ( Fig. 1 ). This was especially true at the point of cecal constriction where a moderate number of adult worms were found in or under a heavy covering of mucus. Here the cecal wall was a heavy fibronecrotic mass. There were many ulcerations ar?d erosions in the lower colon and rectum. Irregular necrotic foci occurred in most of the mesenteric lymph nodes and even in the pancreas. (Fig. 2 ).
Experiment IZ
There was more evidence of acute inflammation characterized by swelling, edema, and erythema in the lamb destroyed 5 days postchallenge than was observed in a lamb 5 days following an initial infection. In the lamb killed after 3.5 months most of the lesions were encapsulated necrotic masses in the wall of the large intestine. Gross lesions observed in the remaining two lambs necropsied 6 months after challenge consisted mostly of large nodular formations in both the large and small intestines, the lymph nodes, and occasionally in other structures. In one lamb there were many white or cream-colored nodules, scattered throughout the liver. Strong adhesions had developed between such nodules when they occurred near the hepatic surface and adjacent organs or tissues. Nodules in the liver varied from 1 to 3 cm in diameter and contained a yellow, light green, or cream-colored exudate surrounded by thick fibrous capsules. 
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Experiment IZl
Only two lambs of this group were necropsied. No significant gross pathological change was observed in the lamb destroyed 40 hours after challenge. The intestinal tract of Lamb 916, necropsied 40 days after challenge, was practically a continuous fibronecrotic tube, greatly enlarged, edematous, and indurated (Fig. 3 ). The wall of the ileum was almost a continuous layer of partially encapsulated necrotic abscesses ( Fig. 4) . Frequently the mesenteric lymph nodes had amorphic necrotic foci from 1 to 3 cm in diameter. Such necrotic alteration was not observed in other abdominal lymph nodes.
Histopathological Changes
Experiment I
At 40 hours post-infection the mucosa of the small intestine, especially the ileum, was moderately infiltrated with eosinophils in initially infected lambs. Many 3rd stage larvae were already encysted adjacent to the muscularis mucosa ( Fig. 5 ). At this stage the cysts had distinct walls, although thin and imperfect at some points ( Fig. 6) . Cells which resembled fibroblasts were seen in or on these walls. There was no evident tendency for eosinophils to accumulate around the intact cysts. At this stage of infection the cysts did not withstand the action of artificial gastric juice when the intestinal wall was digested.
By 120 hours after infection most histotropic larvae had molted to the 4th stage ( Fig. 7) . The walls of the cysts were thicker, completely formed, and readily withstood artificial digestion ( Fig. 8 ). These walls were approximately 2 microns thick and relatively acellular. Dark nuclei occurred frequently against the cyst externally. Internally its wall had a courrugated appearance suggestive of fibrous connective tissue.
A number of cysts were undergoing dissolution. Almost simultaneously with the rupture of the cyst and escape of the larva there was an invasion of the area by eosinophils ( Fig. 9 ). The eosinophils around the old vacated cysts often formed the center for focal necrotic abscesses. The freed fourth stage larvae usually moved toward the lumen of the intestine.
Occasionally small granulomas, relatively free of eosinophils, F&. 10. Small granuloma in thc mucosa of thc ilcum seen 9 days after initial infection.
were observed around larvae in the mucosa. Such larvae were still in the third stage and appeared to have died soon after arrival. A granular, pink-staining, amorphic material occurred around many larvae before they escaped from the cysts. This was more evident in cysts that had undergone partial degeneration. The greatest concentrations appeared to be around the oral and anal openings of the larvae.
Heavy eosinophilic infiltration of the small intestinal mucosa was observed in lambs destroyed on the ninth and tenth days. Few histotropic larvae remained. The nodular formations subsequent to the larval invasion were of two types. The first type was found in the mucosa and appeared to be a small primary granuloma (Fig. 10) .
The second and far more numerous type of nodule developed in the submucosa (Fig. 11 ). According to the classification of FORBUS* they appeared to be secondary granulomas. The center of such nodules was formed by the wall of the cyst, the skin of the third molt, and the accumulated core of eosinophils. Sometimes the mucosa over the submucosal abscesses became necrotic with subsequent sloughing of the entire mass into the lumen. Small ulcers were formed which apparently were closed rapidly by normal healing processes as they were seldom seen in lambs destroyed after longer periods of infection. More often the necrotic mass remained in the submucosa and was surrounded by macrophages and giant cells. Exterior to the border of giant cells a mononuclear zone usually occurred. Lymphocytes and plasma cells were interspersed between large mononuclear cells that were clearly phagocytic in nature. There were differentiated fibroblasts toward the exterior of the nodule. There was a fibrous capsule around some nodules. In the submucosa of the lower ileum, the secondary granulomas were very dense and almost formed a confluent wall. While no histotropic larva was found from sections of the small intestines of lambs destroyed on the 9th and 10th days post-infection they were found in more than half the nodules of the large intestine. In each instance 4th stage larvae appeared to be migrating erratically in the submucosa or the muscularis. Nodular masses were usually much larger in the large intestine; this was due to vast accumulations of eosinophils around migrating larvae. There appeared to be no tissue resistance to the migrating larvae and no secondary granulomatous reaction to the necrotic debris at this point.
Fifteen days after infection the inflammatory reaction of the small intestine seemed to have regressed slightly from that seen at 10 days. Fourth stage parasitic larvae were moving actively among the layers of smooth muscle of the large intestine. Usually only cores of eosinophils which had filled the tunnels left by migrating larvae were seen. There was evidence of secondary granulation around some of the necrotic eosinophilic masses, although little fibroblastic encapsulation was seen.
Twenty-five days after infection the secondary submucosal granulomas of the small intestine had regressed markedly. All or most of the necrotic material had apparently been phagocytized and removed. Frequently only a small clump of mononuclear cells and a few giant cells remained. A few large nodular formations around inhibited 4th stage larvae were seen in the ileum. The processes of phagocytizing, sequestering, and encapsulating the now necrotic eosinophilic foci had begun in the large intestine ( Fig. 12) . Fibrosis, associated with encapsulation, was limited at this stage, but it was adequate to produce marked mesenteric adhesions (Fig. 13 ). The rectal wall had been heavily invaded by larvae that had been neither sequestered nor destroyed.
In the lamb destroyed 4 months post infection there was only slight microscopic evidence of previous histotropic invasion of the small intestine. Thick, massive fibronecrotic nodules ramified throughout the muscle of the large intestine and sometimes protruded for a centimeter or more into the serosa (Fig. 14) . The necrotic material shrank with age, became inspissated and partially calcified. The zone of mononuclear cells appeared thinner and blended exteriorly into a layer of loosely laminated, almost spongy appearing fibroblasts. These in turn gradually blended into a dense, firm, fibrous capsule.
Many of the larvae in the old fibronecrotic masses appeared to have been dead. Such larvae appeared smaller, the cuticles were crenated and the internal structures tended to take a basic stain. Very few, if any, freshly infiltrated eosinophils were seen around such larvae. Some larvae were seen that appeared to have been alive as indicated by their normal histological appearance and staining affinities. Many freshly infiltrated eosinophils were seen near such larvae even when they were partially embedded in a necrotic focus.
Eosinophilic necrotic foci occurred throughout many of the mesenteric lymph nodes. The secondary granulomatous reactions to the necrotic foci were usually weak but in some areas macrophages and giant cells were seen at the periphery. Sometimes a heavy fibrous capsule encased a necrotic mass. A heavy, diffuse infiltration of eosinophils occurred in all mesenteric nodes even in the absence of a necrotic focus. Lymph nodes outside the mesenteric chain appeared grossly normal but were not studied microscopically.
Experiment 1 2
The leucocytic infiltration of the intestinal mucosa in the lamb killed 5 days post challenge was much greater than that seen in lambs following initial infection with the same number of larvae. This was especially true in the small intestine where the entire mucosa was heavily invaded with eosinophils. Larvae apparently invaded the mucosa and followed the same pattern of development through the first 5 days as in lambs without prior infection. Encysted larvae did not appear to attract eosinophils, but as larvae were released, eosinophils attempted to surround them and remained in their wake, eventually to become necrotic markers for the larval migrations.
Several granulomas around dead third stage larvae were observed in the mucosa of the small intestine. Small mononuclear cells usually predominated in this type of reaction.
Several large, well-encapsulated nodules were sectioned from the large intestine; these obviously represented the reaction to the original infection with irradiated larvae. In a few such nodules larvae were alive and active some 5 weeks after irradiation.
Histopathological changes in the lamb autopsied 3.5 months after challenge were limited to those areas where larvae had migrated erratically through the submucosa and muscularis of both the small and large intestines. It was frequently possible to follow the migrating larvae by the necrotic eosinophils left behind.
In lambs destroyed 6 months post challenge nodules in the small intestine were well encapsulated and the necrotic eosinophils homogenized, sometimes granular, and often partly calcified. In the large intestine the necrotic accumulations of eosinophils were much more extensive and appeared honeycombed in a fibrotic framework. Although in many areas the lesions were obviously of long standing there were other areas of fresh infiltration of eosinophils around what appeared to be viable larvae. In instances when it was possible to ascertain that the larvae were dead by histological means, there was a difference in the cellular reaction to them. There were few or no eosinophils but varied types of mononuclear cells occurred.
Hepatic nodules seen in one lamb 6 months post challenge had large central homogenous necrotic cores. A border of eosinophils, rather distinct in morphological detail, surrounded the necrotic mass and was inturn inside a thin layer of small mononuclear cells with a thick outer fibrous capsule.
Experiment III
In the lamb destroyed 40 hours after challenge the larvae had penetrated the mucosa in the same areas and at about the same rate as in animals infected for the first time. Sections of the old cast larval sheaths were frequently seen in the crypts or glands. There was very heavy eosinophilic infiltration throughout the mucosa of the small intestine. The lumina of many ileal crypts were plugged with aggregations of eosinophils. A few large nodular masses, some of which contained histotropic larvae, remained from the earlier infections.
Microscopic lesions in the lamb destroyed 40 days after challenge were very pronounced. Much necrosis and fibrosis were associated with the retained 4th stage larvae (Figs. 15, 16 ). There had been heavy larval penetration, retention, and migration in both the small and large intestines. Although some dead larvae were seen in sections, most were still alive and motile in the gut wall. Most of the mesenteric lymph nodes had been invaded by larvae. Often such nodes had large, irregular, necrotic foci which distorted or destroyed much of the normal architecture. 
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Location .f Parasites Relative to Infection Histo9
In order to correlate the location of parasites in the infected animals with the pathogenesis of the disease an effort was made to locate and estimate the number of parasites in some of the animals at the time of necropsy. Because of the difficulty encountered in digesting larvae free of fibronecrotic lesions of long standing, tissue digestions were made on only one lamb (917) killed as long as 6 months after challenge.
Findings from these studies are shown in Table I . In initial infections relatively large percentages of the larvae were recovered from the intestinal wall at 40 hours and at 5 days after dosing. After 10 days the greater portion of the larvae had returned to the intestinal lumen. Only a small number of histotropic larvae remained in the small in- Lymph Node testine 10 days following an initial infection but many were recovered from the large intestine. Most larvae within the intestinal lumen were in the large intestine. After 4 months no histotropic larva was found in the small intestine; a moderate number still remained in the wall of the large intestine. The numbers of histotropic larvae found at 40 hours and at 5 days post challenge of previously infected lambs were lower than were seen in initially infected lambs.
Results obtained from larval digestion counts correlated closely with histological examinations and with gross pathological observations in lambs that had been infected for as long as 10 days. Lamb 916 serves to illustrate the point well. Large numbers of histotropic larvae (784) recovered from the small intestine correspond to the massive nodular formations seen 40 days post challenge (Fig. 4) , and 516 larvae recovered from the wall of the large intestine appear in proportion with the extensive lesions of the large intestine ( Fig. 3 ).
Discussion
The fact that some of the lambs of Experiments I1 and 111, which had received prior exposure, had less anorexia, dehydration, and weight loss indicates some type of acquired resistance. However, there was little, if any, indication that prior exposure reduced in any way the pathological alteration of the tissues which was produced by a challenge infection. In fact, the very opposite occurred in some lambs when extensive necrotic and fibrotic nodules, usually associated with retained histotropic larvae, were found throughout the walls of both the small and large intestine months after challenge. A few dead histotropic larvae, both 3rd and 4th stages, occurred in the tissue which might indicate an immune response on the part of the host. If immunity did develop, however, it was not of sufficient magnitude to prevent ingress of the larvae or to destroy sufficient numbers of them early in their histotropic development.
Many small secondary granulomas (Fig. 10) were seen in the submucosa of lambs with an initial infection and killed 9 and 10 days after dosing. It is postulated that the wall of the cyst, the skin of the 3rd molt, and the foci of eosinophils attracted to the area after larval excystment stimulate the granulomatous response. These structures were all located around the histotropic larvae in the mucosa on the 5th day of infection. Findings from histological and digestive examinations of the small intestines indicate that in initially infected lambs most of the histotropic larvae return directly to the intestinal lumen from the mucosa following excystment. Possibly the foci of eosinophils and the abandoned structures associated with the parasites' growth are forced into the submucosa for defensive or restorative actions. Such nodules were either very small or had entirely disappeared in lambs killed 25 days or more after initial infections.
The host response in the small intestine of the lamb with a previous infection was similar to that seen in the initially infected one up to the time of larval excystment. This study indicates that when there had been a previous infection a large number of the 4th stage larvae move into the submucosa rather than the lumen. It was possible to follow the course of the histotropic larvae by the accumulated eosinophils which either gathered around quiescent larvae or collected in tunnels in the wake of migrating larvae as they moved through host tissues. Histological findings suggest that as long as the larvae move on a linear course the cellular defense was unable to sequester and encapsulate them. Eventually the larvae either died or began migrating in a circular pattern which permitted sequesterization. Fourth stage larvae always attracted massive infiltrations of eosinophils which in some cases seemed to produce a lytic effect on adjacent tissues. Sometimes the eosinophils appeared to pour through erosions of the muscular layers and accumulate under the serosa. Occasionally there appeared to be breaks in the continuity of the mucosa which allowed the eosinophils to enter the gut lumen. Apparently most of the eosinophilic masses were not lysed and were too extensive for phagocytic removal. Therefore, the usual recourse of the body defenses appeared to be encapsulation. The resulting encapsulated, amorphic, necrotic nodules remained essentially the same in the intestinal wall for many months (Fig. 14) .
Repeated infections stimulate host reactions in the small intestine similar to those seen in the large intestine following an initial infection ( Fig. 4) . It is postulated that the inciting cause of the nodule, so characteristic of the disease, is initially the peculiar power of 4th stage histotropic larvae to attract eosinophils. Histotropic larvae are not usually retained in the small intestine following an initial infection in 3to 4-month-old lambs, but are often retained for weeks or months in the large intestine. When lambs were sensitized by light infections and then challenged, larvae of the challenge infection were often retained for considerable periods in the small intestine. When this happened, there developed in the small intestine nodules of practically the same size and histological structure as were seen in the large intestine following initial infections.
The effects of different types of exposure upon the host-parasite relationship of 0. cokumbianirm in young lambs is considered. AIost histotropic larvae leave the mucosa of the small intestine between the 5th and 9th days following initial infections but are retained longer if there has been prior infection.
The main lesion of the disease is associated with vast accumulations of eosinophils around histotropic 4th stage larvae, or in tunnels left by the larvae as they move through the various tissues of the intestine. Necrotic masses of eosinophils eventually become encapsulated to form the characteristic nodules.
Nodular lesions are much more pronounced in the small intestines if there has been prior exposure. Host response in the large intestine is similar regardless of prior infection. Likewise, histotropic larvae enter and remain for weeks or months in the wall of the large intestine regardless of prior exposure.
Ztrsammen fassung
Die Wirkung der verschiedenen Arten der Ansteckung auf das Wirt-Parasiten-Verhaltnis von 0. cokumbianum bei jungeren Lammern wird untersucht. AIeist verlassen die histiotropen Larven die Dunndarm-Schleimhaut zwischen dem 5. und 9. Tag nach der initialen Infektion. Sie werden jedoch langer zuruckgehalten, wenn eine fruhere Infektion stattgefunden hat.
Die charakteristischen Veranderungen der Erkrankung bestehen in starken Ansammlungen von eosinophilen Leukozyten urn das histiotrope 4-Tage-Larvenstadium oder im Bereich der Larven Bohrgange in den verschiedenen Geweben der inneren Organe. Nekrotische RIassen der Eosinophilen konnen zu den charakteristischen Knotchen eingekapselt werden.
Die knotchenartigen Veranderungen sind im Dunndarm-Bereich vie1 ausgepragter, wenn eine friihere Ansteckung erfolgt ist. Die Wirt-Reaktion im Dickdarm-Bereich wird durch eine fruhere Infektion nicht beeinflusst: die histiotropen Larven dringen in gleicher Weise ein und bleiben Wochen und Monate in der Darmwand liegen.
